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Abstract 
 
We investigated microwave characteristics of microwave kinetic inductance detectors (MKIDs) using rewound spiral resonators 
called as spiral-MKIDs. To realize 25-array spiral-MKIDs, frequency characteristics of 25 resonators with different resonant 
frequencies should be equal. We proposed spiral-MKIDs with expanded and contracted symmetric spiral resonator. We conducted 
simulations for 25 arrays and obtained maximum return losses of over 12 dB and unloaded quality factors of over 230,000 for 
frequencies between 3.2 and 3.4 GHz. This symmetric resonator may be useful for realization of large array MKIDs. 
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
  
Microwave kinetic inductance detector (MKID) is a type of non-equilibrium superconducting photon detector 
made of high quality factor superconducting microwave resonators, which are coupled to a suitable antenna or an 
absorber structure. The fundamental concept of MKIDs was proposed in 2003 [1], and since then, many groups have 
developed MKIDs using extremely low critical temperature (Tc) materials such as Al and TiNx specialized for 
astronomical observations [2, 3]. These MKIDs require an operating temperature of 0.1 K, which is attained using 
expensive dilution refrigerators or adiabatic demagnetization refrigerators, and a narrow-band detector is essential to 
suppress atmospheric background noises in ground-based observations. Therefore, there are so far no applications in 
which MKIDs can be used to perform general-purpose measurements. As miniaturization of microwave resonators, 
MKIDs using lumped-element resonant structures have been presented [4], but experimental results of optical 
coupling have not yet been observed. 
We identified a similarity between the structures of a spiral terahertz antenna [5] and a rewound spiral microwave 
resonator [6] and proposed MKID using a rewound spiral resonator (spiral-MKID) [7, 8]. However, there is a problem 
concerning the decrease in attenuation of the resonance at higher resonant frequency for the designed resonator. 
Therefore, microwave characteristics, especially maximum attenuation, in resonators of all resonant frequencies 
should be equal for large array MKIDs. In this study, we designed symmetric spiral resonator for unifying microwave 
characteristics of all resonators and compared microwave characteristics with asymmetric resonator described in [7,8]. 
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2. Design of spiral-MKIDs 
 
We designed MKID with a rewound spiral resonator. Fig. 1 illustrates the typical design of spiral resonators. To 
realize 25-array spiral-MKIDs, frequency characteristics of 25 resonators with different resonant frequencies should 
be equal. We designed two models with different couplings between the signal line and all resonators, namely, 
asymmetry and symmetry models shown in Figs. 1(a) and (b), respectively. In simulations for both models of the 
resonators, conventional coplanar waveguides (CPWs) without a ground plane were selected as the readout through 
the line. The widths of the signal line and gap were 40 and 10 m, respectively, corresponding to a specific impedance 
of 50 . The spiral resonator was placed into the space near the signal line from which the ground plane of CPW was 
removed. The size of the 12-turns spiral resonator was 480 m square. The both the width of the line and space of the 
resonator were 10 m. The total length of the resonator was adjusted to that of the effective guided half-wavelength. 
The length of the resonators was varied for every 20 m increment, which caused a frequency shift of around 5 MHz. 
The frequency responses of resonators were simulated using an electromagnetic simulator (Sonnet-EM software) on 
the basis of the finite integral method. We assumed simulation parameters using an NbN thin film as the 
superconducting film and sapphire as the dielectric substrate, as shown in Table 1. We defined a function for the RF 
resistivity (Rrf), which is directly proportional to the square of frequency. Surface resistances (Rs) of NbN films were 
measured using the dielectric resonator method at 21.8 GHz. We found that Rs = 0.19 m  at 21.8 GHz and 4.2 K. 
Then, Rrf of 3.924 × 10 26 Hz2/sq was used in simulations. The kinetic inductance value of 6.0 pH/sq was used for 
the simulation. 
 
 
 
Fig. 1. Typical patterns of a rewound spiral resonator: (a) Asymmetry model and (b) Symmetry model. 
 
Table 1. Simulation parameters for Sonnet EM 
 
Simulation parameters Values
Dielectric constant of substrate ( r) 9.8
Dielectric loss of substrate (tan ) 1.0×10-7
Thickness of substrate 0.5 mm
DC resistivity of films (Rdc) 0 /sq
RF resistivity of films (Rrf) 3.924×10-26 Hz2/sq
Kinetic inductance of films (Lk) 6.0 pH/sq
 
3. Simulated responses 
 
Fig. 2 shows the simulated propagation (S21) response of spiral-MKIDs. We can observe 25 resonances in both 
models. There was an interval of 3 MHz at 3.3 GHz in the asymmetry model shown in Fig. 2(b). The reason for this 
narrow interval is the shift of the resonant frequency probably due to the change in the distance between the resonator 
and the ground plane which occurred when the length of the resonators was varied. In this study we mostly focused on 
the unloaded quality factor and maximum attenuation of respected resonators, and further consideration is required 
concerning the interval of resonant frequency. Fig. 3 shows the dependence of the unloaded quality factor (Qu) and 
maximum attenuation (Amax) on resonant frequency of respective resonators. We obtained Qu of over 200,000 in both 
models. As resonant frequency of the resonator increased, Qu and Amax decreased in the asymmetry model shown in 
Fig. 3(a). On the other hand, we obtained Amax of approximately 13 dB for all resonators in the symmetry model 
shown in Fig. 3(b). The Qu values of symmetric resonators show the peak property which has a maximum value of 
2.8×105 at 3.315 GHz. This peak property was caused by Qu values and coupling strength between the resonator and 
(a) (b)
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signal line. Fig. 4 show the plot of the radiation loss at resonant frequency of respective resonators. Radiation losses 
were calculated from the sum of propagation (S21) and reflection (S11) properties for Rrf = 0 and tan  = 0. In the 
asymmetry model, the radiation loss of resonators increased with resonant frequency. On the other hand, the radiation 
loss was approximately 20% in the symmetry model. It suggests that the Amax is related to the radiation loss. From 
these results, we found that the symmetry model with 25 resonators had the following characteristics: maximum 
attenuation of over 12 dB, loaded quality factors of over 50,000 and unloaded quality factors of over 230,000. Thus, 
the symmetry model is more effective than the asymmetry model for the realization of 25-array spiral-MKIDs. 
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Fig. 2. Simulated microwave response of MKIDs array: 
(a) Asymmetry model and (b) Symmetry model. 
 
Fig. 3. Dependence of unloaded quality factor and 
maximum attenuation on resonant frequency of 
respective resonators: (a) Asymmetry model and (b) 
Symmetry model. 
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Fig. 4. Dependence of radiation loss on resonant frequency of respective resonators. 
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4. Conclusions 
 
We proposed a design for 25-array spiral-MKIDs that improved the microwave characteristics of 25 resonators. By 
expanding and contracting the symmetric spiral resonator, we found that 25 resonators had a maximum attenuation of 
over 12 dB. We also found that the maximum attenuation is mainly related to the radiation loss. The symmetric spiral 
resonator is feasible for realization of large array MKIDs in electromagnetic simulation. 
 
Acknowledgements 
 
This work was supported by JST (development of systems and technology for advanced measurement and analysis). 
A part of this work was carried out in the clean room of Yamagata University. 
 
 
References 
 
[1] P.K. Day, H.G. LeDuc, B.A. Mazin, A. Vayonakis, J. Zmuidzinas, Nature 425 (2003) 817. 
[2] A. Baryshev, J.J.A. Baselmans, A. Freni, G. Gerini, H. Hoevers, A. Iacono, et al., IEEE Trans. Terahertz Sci. Technol. 1 (2011) 112. 
[3] H.G. Leduc, B. Bumble, P.K. Day, B.H. Eom, J. Gao, S. Golwala, et al., Appl. Phys. Lett. 97 (2010) 102509. 
[4] S. Doyle, P. Mauskopf, J. Naylon, A. Porch, C. Duncombe, J. Low Temp. Phys. 151 (2008) 530. 
[5] E.R. Brown, A.W.M. Lee, B.S. Navi, J.E. Bjarnason, Microwave and Opt. Technol. Lett. 48 (2006) 524. 
[6] Z. Ma, Y. Kobayashi, IEICE Trans. Electron. Vol. E88-C No. 7 (2005) 1406. 
[7] S. Ariyoshi, K. Nakajima, A. Saito, T. Taino, H. Tanoue, K. Koga, et al., (2013) in preparation. 
[8] A. Saito, K. Nakajima, S. Ariyoshi, H. Yamada, T. Taino, H. Tanoue, et al., IEEE Trans. Microwave Theory Tech., Submitted (2013). 
